The The determination of thyroxine distribution in rat serum proteins in vivo showed that thyroxine-binding prealbumin (TBPA) is a major thyroxine transport protein in the control rats, whereas in the deficient rats the amount of thyroxine bound to TBPA decreased and the thyroxine bound to thyroxine-binding globulin (TBG) increased significantly as compared with observations in control rats. These findings suggest that the existent state of serum thyroxine and thyroid function is affected by the serum level of vitamin A.
EFFECTS
The determination of thyroxine distribution in rat serum proteins in vivo showed that thyroxine-binding prealbumin (TBPA) is a major thyroxine transport protein in the control rats, whereas in the deficient rats the amount of thyroxine bound to TBPA decreased and the thyroxine bound to thyroxine-binding globulin (TBG) increased significantly as compared with observations in control rats. These findings suggest that the existent state of serum thyroxine and thyroid function is affected by the serum level of vitamin A. In plasma, vitamin A is bound to a specific protein, retinol-binding protein (RBP), which has a molecular weight of 21,000, and RBP also forms a protein protein complex with a larger thyroxine-binding prealbumin in a 1:1 molar ratio (1) . It has been suggested that the complex formation between RBP and prealbumin results in the stabilization of the binding of retinol with RBP and the complex serves to prevent the loss of RBP from the plasma by glomerular filtration of a relatively small protein molecule (2, 3) . However, the physiological significance of the fact that both RBP and thyroxine bind to the same prealbumin protein molecule is not presently understood. In the rat, especially, it has been suggested from in vitro experiments that prealbumin is the major thyroxine transport protein in plasma (4) . From On the 55th day of feeding, about one half of the rats in the deficient group was orally replenished with 100 I. U. of vitamin A (as retinyl palmitate) per rat daily.
Determination of serum vitamin A and thyroxine levels. Vitamin A levels in the serum were measured by the trifluoroacetic acid method (6, 7). The thyroxine 
RESULTS

Growth rates of vitamin A-deficient rats
The growth rates of the rats in each of the experimental groups are shown in Fig. 1 . The body weights of the vitamin A-deficient and control rats gradually increased, but the weights of vitamin A-deficient rats began to decline after 50 days of feeding. After the 55th day, the serum vitamin A concentrations of the control and deficient rats were 135 I. U./100ml and less than 5 I. U./100ml, respectively. Effects of vitamin A deficiency on thyroid weight and serum thyroxine level fraction. This result supports the findings of a recent study which showed that prealbumin might be a major thyroid hormone transport protein in rat plasma. No difference was observed between the radioactivity of the albumin fraction of deficient rats and that of control rats. However, about 35% of the total radioactivity was found in the post-albumin fraction of the deficient rats, although a trace of radioactivity was detected in the control rats. Effect of vitamin A replenishment on serum thyroxine level After the daily administration of an oral dose of 100 I. U. vitamin A palmitate to the vitamin A-deficient rats, the body weights increased steadily and reached the control level within 10 days of replenishment. Neither thyroid weight nor serum thyroxin level changed significantly from 4 days replenishment of vitamin A palmitate. However, these levels were close to those of the contrl of rats after 10 days replenishment (Fig. 3) . (12) . The apo-RBP synthesized binds with retinol in liver and then forms , holo-RBP which is immediately released into the bloodstream (13) . Vitamin A deficiency interferes with the secretion of holo-RBP from the liver and results in a decrease in the level of serum RBP (5), although the detailed mechanism had not been yet elucidated.
There have been many reports on the biological effects of vitamin A on thyroid activity (14, 15) , but the concept thereof is not well understood. Our evidence shows that thyroid weight increases and serum thyroxine decrease to half the level of the control rats in vitamin A deficiency. These facts suggest that the decrease of thyroxine levels in vitamin A-deficient rats may be due to reduced hormone synthesis in the thyroid gland.
Recently, however, Morley et al. reported an increased serum thyroxine level in vitamin A-deficient rats. These data are inconsistent with our present results (16, 17) . This discrepancy might be explained by the extent of the deficiency, because in Morley's experiments, weanling 30-day-old rats were fed with a vitamin A-deficient diet and it was observed that the weights of such rats were not significantly different from those of the pair-fed control rats. In contrast, we used 20-day-old rats which were fed a vitamin A-deficient diet, and the apparent weight loss was shown in the vitamin A-deficient rats as compared with the control rats. Therefore, it appears that the rats in our study were more markedly deficient. At an early stage of nutritional deficiency the function of the organs involved sometimes may show hypersensitivity.
It is well known that in man thyroxine circulates in plasma, associating with three plasma proteins: thyroxine-binding globulin (TBG), prealbumin (TBPA) and albumin (TBA) (18) . Thyroxine-binding globulin is the main carrier of this hormone (19) . In the rat, however, recent reports suggest that TBPA is a major protein which can transport thyroid hormone whereas TBG lacks hormone binding activity (20, 21) . Although those experiments were carried out in vitro, similar results were obtained from the control rats in our study. With regard to the deficient rats, however, the percentage of hormones bound to, prealbumin decreased, whereas that of TBG significantly increased. These data indicate that in the vitamin A-deficient rats the level of serum prealbumin declines or that the normal binding ability of prealbumin with thyroxine seems. to be lowered. Furthermore, since it has been found that the binding capacity of TBG increases in hypothyroidism (22) , it appears that the enhancement of TBG function in our vitamin A-deficient rats is related to the decreased thyroid function. Detailed mechanisms which control TBG function in vitamin A deficiency are not presently known.
